On the basis of a statistical analysis of an alignment of the amino acid sequences, a new superfamily of metalloendopeptidases is proposed, consisting of human insulinase, Escherichia coli protease III and mitochondrial processing endopeptidases from Saccharomyces and Neurospora. These enzymes do not contain the 'HEXXH' consensus sequence found in all previously recognized zinc metalloendopeptidases.
INTRODUCTION
The majority of metalloendopeptidases (metalloproteinases) bind an essential zinc atom at a -His-Glu-Xaa-Xaa-His-(or HEXXH) site similar to that found in thermolysin (Jongeneel et al., 1989) . The purpose of the present paper is to draw attention to the existence of a separate group of metalloendopeptidases that are structurally unrelated to thermolysin, and do not contain the HEXXH consensus sequence. This group contains human insulinase, Escherichia coli protease III and endopeptidases concerned in the processing of precursor proteins as they enter mitochondria.
Human insulinase is an endopeptidase that acts on insulin, glucagon and other polypeptides up to about Mr 7000 (Kirschner & Goldberg, 1981) . Activity is inhibited by EDTA and 1,10-phenanthroline Kayalar & Wong, 1989) , indicating that the enzyme is a metalloendopeptidase. The reported inhibition by N-ethylmaleimide and some other thiolblocking reagents (Ansorge et al., 1984) is not inconsistent with the enzyme being a metalloendopeptidase, also being seen with thimet peptidase (EC 3.4.24.15) (Barrett & Brown, 1990) . The amino acid sequence of human insulinase was determined from the cDNA by Affholter et al. (1988) , who showed that the enzyme is homologous with an enzyme from E. coli known as protease III (Finch et al., 1986) or protease Pi . [In the present paper the terms 'homology', 'homologue' and 'homologous' are used exclusively to indicate evolutionary relationship as defined by Reeck et al. (1987) .] The bacterial enzyme also is inhibited by chelating agents, and can be reactivated with Zn2+ (Cheng & Zipser, 1979) . The specificity of protease III resembles that of insulinase, as does that of an enzyme from Drosophila that also has a similar N-terminal amino acid sequence (Garcia et al., 1988) .
Mitochondrial endopeptidases that remove the leader peptide from proteins transported into the mitochondria are known from a variety of species, including rat, ox, the yeast Saccharomyces cerevisiae and the ascomycete Neurospora crassa; these enzymes are known to be inhibited by EDTA and 1,10-phenanthroline, and to be re-activated by bivalent cations (Miura et al., 1982; McAda & Douglas, 1982; Bohni et al., 1983; Kumamoto et al., 1986; Hawlitschek et al., 1988; Schneider et al., 1990) . In yeast and Neurospora, two enzymes are involved in processing the leader peptides of mitochondrial proteins, the matrix-processing peptidase and the processing-enhancing protein, which act sequentially (Schmidt et al., 1984; Tropschug et al., 1988) . Similar two-step processing events have been observed in the rat, mouse and human mitochondria (Sztul et al., 1987 (Sztul et al., , 1988 Kalousek et al., 1988; Schmidt et al., 1984) .
Neurospora processing-enhancing protein is also subunit II of the ubiquinol-cytochrome c reductase complex (Schulte et al., 1989) , and the sequences of subunits I and II of this complex from the yeast are also homologous (reviewed by Weiss et al., 1990) .
METHODS
The FASTP program of Lipman & Pearson (1985) was used to compare sequences for possible relationships, with the KTUP value set to 1. The RDF program from the same source was used to test the statistical significance of possible homologies, with the number of randomizations of the shuffled sequence set to 100, and the KTUP value set to 1. An aligned score of 6.0 standard deviation units above the mean score of the alignments with the shuffled sequences was taken as proof ofan evolutionary sequence relationship, that is to say homology.
Sequences were aligned progressively by application of the rules of Doolittle (Feng & Doolittle, 1990) . (Finch et al., 1986 ; but with residues 391-398 as described by Clavarie-Martin et al., 1987); YMPP, Saccharomyces matrix-processing peptidase (Pollock et al., 1988; ; YPEP, Saccharomyces processing-enhancing protein (Witte et al., 1988) ; NMPP, Neurospora matrixprocessing peptidase (Schneider et The enzymes of the insulinase superfamily do not contain the HEXXH sequence that contributes to the binding of zinc in all previously characterized metalloendopeptidases, and further experimental work will be required to identify the metal-binding residues in these proteins. The only amino acids previously recognized as zinc-binding are histidine, glutamic acid and cysteine (Vallee & Auld, 1990 (Vallee & Auld, 1990) . Whether the essential metal of the enzymes of the insulinase superfamily is zinc or another metal, the involvement of ligands other than histidine, glutamic acid and cysteine clearly cannot be excluded.
RESULTS AND DISCUSSION
Note added in proof (received 15 February 1991) Since the submission of this paper, the sequences of two more members of the insulinase superfamily have been published. These are an insulin-degrading enzyme from Drosophila melanogaster (Kuo et al., 1990 ) and a mitochondrial processing endopeptidase from rat liver (Kleiber et al., 1990) . Both of these sequences retain the amino acids proposed above to be the zincbinding residues (His-108, Glu-189 and His-213, human insulinase numbering). Kleiber et al. (1990) propose an alternative zinc-binding site, namely His-108, Glu-l 11 and His-l 12 (a reversal of the thermolysin-like HEXXH motif), but this is unlikely because His-l 12 is absent from all three mitochondrial processing proteinases. 
